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iMETHODS 
Cardiopulmonary Baroreflexes Fail to Modulate Sympathetic 
Responses During Isometric Exercise in umans: Direct Evidence 
From Microneurographic Studies 
JEFFREY S. SANDERS, MD, DAVID W. FERGUSON, MD, FACC, WITH THE TECHNICAL 
ASSISTANCE OF JOAN !a. KEMPF. LPN 
hvu City, Iowu 
To further evaluate the reported interaction in animals and 
humans between cardiopuhnonary baroreftexes an5 the 
somatic pressor reflex, studies were performed in 16 nor- 
mal men using direct measurements ofefferent sympathetic 
nerve activity to muscle (microneurography) during sus- 
tained isometric handgrip (Jo% maximal voluniary con- 
traction). Forearm vasoconstrictor (plethysmography) and 
muscle sympatketic nerve activity respom to sustained 
handgrip were measured during cardiopulmonary barore- 
ceptor deactivalirm (lower body negative pressure, n = 8) 
and activation (volume expansion, n = 8). In addition, 
reqonses to postkandgrip muscle isckemia were studied 
during &se perturbakns Or eardiapuhnvnary barore- 
&Xi!S. 
No evidence of an iaCraction between these two reilex 
pathways was found. When bandgrip was performed dur- 
iq lower body negative pressure, the percent increase in 
m&e sympatkelii nerve activity (+I15 f 17%) WILS Rot 
dilrent from (he sum of the individual symp&etii re- 
sponses lo kandgrip oad lower body negaGve pressure 
pcrformrd qarately (+106 f P9%, p = NS). Likewise, 
tb change ;a forearm vascular resistance (+3.9 f 0.8 U) 
For sustained handgrip performed during lower body mg- 
ative pressure was not diierent from the atgebraic sum of 
the reqonses to handgrip and lower budy negative pressure 
when these were performed separaMy (G.7 2 2.7 U, p = 
NS). No difference WBS Med in forearm VasOeMtiM 
and sympathetic nerve activity respolrecs to posthandgrip 
musfle ischenda and lower body nega#ive preuzure when 
lhese were performed atone or in combination. 
Volume expansion &so failed to uncover an inhi&Lory 
interaction. Handgrip performed before volume expan&n 
resulted in forearm vascular resistance reqmnses (-1.2 -C 
0.9 U) that were not different from the respoares when stsch 
handgrip was performed after vohune infusion (+0.9 f 8.9 
U, p = NS). Ralker than producing tke predicted i&dbitioa 
of muscle sympalketic nerve activity responses to sustained 
handgrip, votume infusion acluaUy increased these re- 
sponses. During prevohune suMned handgrip, the ip 
crease in sympa&tic nerve activity (+64.5 f 15.7%) was 
signitican~ly less ihan the increase when Wps 
perfamed after volume Husion (+105.6 PC 
0.01). A similar k+ck of inhibitory modulation was seen 
during isckemia performed b&Ire 
and aft Tbesedataindicatethattk 
efferent sympa&etic reJpoAseJ to Lhe somatic pressor rtacx 
are not modulated by the z&iop&mmury baroreRexe5 in 
normal human!?. 
(J An Cdi Cdiol i988;12:1241-51) 
Isometric exercise increases heart rate, arterial pressure and 
sympathetic nerve activity (l-3). These responses are medi- 
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ated by iwo principal mechanisms: central command (4-6) 
and the somatic pressor reflex. The somatic pressor reflex, 
an excitatory reflex initiated by chemosensitive receptors in 
exercising muscle, results in increased efferent sympathetic 
outflow from the brainsrem cardiovascular cznters (3,7-E). 
In contrast. the cardiopulmonary baroredexes are inhibitory 
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reflexes arising from tonically active mechanoreceptors lo- 
cated principaily in the left ventricle (1623). In animals. 
important interactions exist between these two reflexes 
i24.25). Human studies (26) employing measurements of 
blood flow and calculation of vascular resistance also sug- 
gest that cardiopulmonary baroreflexes exert inhibitory 
modulation on the somatic pressor reflex. 
The investigations reported here reexamined and ex- 
tended these previous human sfudies and have sigmficant 
advamages over prior +tvestigations. First, we utilized ex- 
ercise work loads now known to be adequate to engage the 
somatic pressor reflex (27,2&j. Second, interactions between 
posthandgrip muscle ischemic responses and cardiopulmo- 
nary baroretlexes were assessed to eliminate the influence of 
central command on these autonomic adjustments to exer- 
cise (27). Third, we determined whether an interaction 
occurred during activation as well as deactivation of cardio- 
pulmonary baroreceptors. Fourth, direct measurements of 
arterial and central venou? pressures were utilized to accu- 
rately quantitate the stir,tulus to the arterial and cardiopul- 
monary bdroreceptors. Fifth, direct recordings of efferen. 
sympathetic nerve traffic to muscle were utilized to quanti- 
tate the responses to these interventions in normal subjects. 
wall of the pressure chamber. Zero pressure reference point 
was defined at the midaxillary position in these subjects in 
the supine position. Foreart, blood flow (mhmin-‘.I00 ml-’ 
forearm volume) was measured in the right arm by venous 
occlusion plethysmography with use of a mercury-in-Silastic 
Whitney strain gauge apparatus as previously described 
(21,29). Forearm Mood flow was measured every I5 s and 
the average valut per minute was determined. Forearm 
vascular resistance was calculated by dividing mean arterial 
pressure by fondrm blood flow and is expressed as units (U) 
throughout this report. 
Microneorogrrphy. Multiunit recordings of postgangli- 
onic sympathetic nerve activity to skeletal muscte were 
recorded from a muscle nerve fascicle in the peroneal nerve 
posterior to the libular head. These techniques have been 
validated and extensively described in studies from our 
laboratory and elsewhere (27,3&33). Standard criteria for 
acceptance of a recording of muscle sympathetic nerve 
activity were achieved in al! subjects (27,30-33). Nerve 
activity at rest was measured for up to 10 min before the 
experiments began to ensure that a stable baseline level of 
nerve activity had been obtained. Sympathetic bursts were 
identified by inspection of the mean voltage neurogram. 
Individual burst amplitude was measured and total inte- 
grated nerve activity was calculated as the total sum of burst 
ampli!udes per minute and expressed as units. Prior studies 
in our laboratory (27) have determined an intraobserver 
variability of 5% with an interobserver variability of < 10% in 
this expression of muscle sympathetic nerve activity. 
procedures. Two strategies were employed for short 
term perturbation of the cardiopulmonary baroreceptors. In 
Group I subjects, cardiac filling pressure was decreased by 
application of lower body negative pressure using a chamber 
placed over the subject’s body below the iliac crest (17). 
Low levels of negative pressure (- 10 mm Hg) were utilized 
to reduce central venous pressure without altering arterial or 
pulse pressure, thereby unloading (deactivating) only cardio- 
pulmonary baroreceptors. In Group 2 subjects, cardiac 
filling pressure was increased by volume expansion with 
intravenous infusion of normal saline solution (I ,393 + 175 
ml, 37°C) through a peripheral catheter, thereby rapidly 
loading (activating) the cardiopulmonary baroreceptors. 
Strbjects performed sustained handgrip with the left arm 
at IS% (Group I subjects only) and 30% (both Croup I and 
2 subjects) of maximal voluntary muscle contraction for 2 
min using an exercise dynanometer. They avoided a Val- 
salva maneuver during handgrip. Maximal voluntary con- 
traction was determined for each subject just before the 
beginning of each experiment. Responses to posthandgrip 
muscle ischemia were studied by immediately inflating a 
pneumatic cuff on the upper portion of the exercising arm to 
suprasystolic pressure levels 5 s before the end of handgrip. 
After the cuff was inflated, the subject was instructed to 
relax his grip and measurements were made for an additional 
JACC Vol. 12. No. 5 SANDERS ET AL 1243 
Novcmbcr 19XR:l241-51 CARDIOPCLMONARY AND SOMATIC REFLEX INTERACTIONS 
2 min. Study of such muscle ischemic responses permitted 
evaluation of the influence of chemically sensitive muscle 
afferents without the concomitant influences of central com- 
mand or mechanosensitive muscle agerents or both. 
Responses to the cold pressor test were assessed by 
immersion of the subject’s hand up to the wrist in ice water 
for 2 min (32). Subjects avoided isometric muscle contrac- 
tion, performance of a Valsalva maneuver or held expiration 
during the cold pressor test. 
Protocd. The subjects were familiarized with the tech- 
niques and procedures to be employed before beginning the 
study. A 20 min rest period followed the insertion of all 
intravascular catheters, determination of maximal voluntary 
contraction and location of a satisfactory recording site for 
muscle sympathetic nerve activity. In all subjects, measure- 
ments of hemodynamics and nerve activity ‘were obtained 
over 2 min periods before (control) and after (recovery) each 
intervention. 
In Group 1 atbjects, responses were recorded during the 
following interventions: I) lower body negative pressure at 
-10 mm Hg; 2) sustained handgrip at IS% maximal volun- 
tary contraction followed by posthandgrip muscle ischemia; 
3) sustained handgrip at 30% of maximal voluntary contrac- 
tion followed by posthandgrip muscte ischemia; 4) cold 
pressor test; 5) 15% sustained handgrip and posthandgrip 
muscle &hernia during tower body negative pressure; 6) 
30% handgrip and posthandgrip muscle ischemia during 
lower body negative pressure; and 7) cold pressor lest during 
tower body negative pressure. Hemodynamic and sympa- 
thetic nerve responses were determined for each minute. 
The average response was determined for control (2 min), 
intervention (2 min) and recovery (2 min). The hemodynamic 
and sympathetic nerve responses to sustained handgrip. 
posthandgrip muscle ischemia or cold pressor test when 
performed alone were compared with the responses when 
each intervention was performed during lower body negative 
pressure. 
In Group 2 strbjects, responses to sustained handgrip at 
3W maximal voluntary contraction and posthandgrip mus- 
cle lschemia and to the cold pressor test were obtained 
before and after volume expansion with intravenous normal 
saline solution. Again, the average response was determined 
for each 2 min control, intervention and recovery period. In 
both Group I and Group 2 studies, the interventions were 
performed in random order. There was a 5 to IO min resf 
period between each intervention during which hemody- 
namic and muscle sympathetic nerve variables returned to 
control levels. 
Statistical analysis. The average hemodynamic and mus- 
cle sympathetic nerve activity responses dzing control 
periods were compared with those during intervention peri- 
ods by paired t test. The algebraic sum of the responses 
during single interventions (i.e., responses during lower 
body negative pressure alone plus those during 30% sus- 
tained handgrip alone) were compared with the observed 
responses during a combination of interventions (i.e., re- 
sponses to 30% sustained handgrip performed during lower 
body negative pressure) by paired t test to determine if an 
interaction occurred. Statistical significance was taken as 
p < 0.05. Values are presented as mean * SEM. 
It4ZMS 
Group I : Interactions During Deactivation of 
Cardiopulmonmy Baroreceptors 
Hemodynamk and muscle sympathetic nerve activity el- 
fects of rower body negative pressme ahe (Table 1). Lower 
body negative pressure in the eight subjects produced a 
significant decrease in central venous pressure but did not 
change arterial pressure or heart rate. This reduction in 
cardiac prefoad was accompanied by a decrease in forearm 
bIood Row, increase in forearm vascular resistance and 
increase in sympathetic nerve activity. 
Responses to s&aid handgrip and posthandgrip muscle 
ischemia performed alone and daring lower body negative 
pressure (Table 1, Eli. 1). Neither sustained handgrip nor 
posthandgrip muscle ischemia at 15% of maximal voluntary 
contraction produced significant increases in forearm vascu- 
lar resistance, heart rate or muscle sympathetic nerve activ- 
ity. although there was a small increase in mean arterial 
pressure during 15% sustained handgrip. In contrast, during 
30% sustained handgrip, thr: were significant increases in 
systolic and mean arterial pressures and heart rate. These 
changes were accompanied by an increase in forearm blood 
flow, decrease in forearm vascular resistance and a signifi- 
cant increase in musctc sympathetic nerve activity. During 
muscle ischemia after sustained 30% handgrip, blood pres- 
sure remained elevated. heart rate decreased toward control 
and forearm blood flow and vascular resistance returned to 
control levels. Sympathetic nerve activity remained signili- 
cantly elevated during this posthandgrip muscle ischemic 
response. 
Dw& 14% sushrrd irarrdgrip with simuh~nm~s lower 
body negative pressure, there was a significant decrease in 
central venous pressure that was almost identical to that 
during lower body negative pressure alone (Table I, Fig. I). 
There was no significant change in arterial pressure, heart 
rate, forearm blood flow or forearm vascular resistance 
during these combined interventions but muscle sympathetic 
nerve activity increased significantly from control tevels. 
During post-E% handgrip muscle ischemia with sustained 
application of tower body negative pressure, there was a 
small increase in systolic arterial pressure from control and 
sympathetic nerve activity remained elevated. Mean arterial 
pressure, heart rate, forearm blood flow and vascular resis- 
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Table 1. Hemodynamic and Muscle Sympathetic Nerve Activity Effects of Interventions Performed Alone and During Cardiopulmonary 
Baroreceptor Deactivation Produced by Lower Body Negative Pressure in Eight Group I Subjects 
Intervention 
SAP 
(mm Hg) 
MAP 
(mm Hg) 
CVP 
(mm Hg) 
HR 
(heatslmin) 
FBF 
(ml/min per 100 ml) FVR (U) MSNA (U) 
LBNP alone 
Control 
LBNP 
RecWXy 
CPT alone tn = 7) 
Control 
CfT 
Recovery 
SHG-I5 alone 
Conlrol 
SHG-I5 
PHMIR-IS 
Recovery 
SHG30 alone 
Control 
SHG-30 
PHMIR-30 
Recovery 
CPT duting LBNP In 
Control 
CPT/LBNP 
Recovery 
SHG-I5 during LBNP 
Control 
SHG-IYLBNP 
PHMlR-ISILBNP 
Recovery 
SHG-30 during LBNP 
Control 
SHG-MI1 “NP 
PHMIRJO’LBNP 
Recovery 
130.4 f 3.1 
130.0 ? 3.4 
135.3 ? 3.4 
89.0 f I.7 
88.6 F 2.1 
89.0 + 1.9 
2.7 f 0.6 
-1.1 f 0.8’ 
2.9 f 0.7 
58.3 ? 3.3 
58.0 i: 2.8 
60.1 r 3.0 
4.2 + 0.6 
3.2 f 0.4* 
4.4 + 0.6 
3.8 f 0.6 
3.9 + 0.6 
4.1 10.6 
4.3 2 0.7 
4.7 + 0.7 
4.5 2 0.7 
4.3 k 0.7 
4.6 f 0.9 
5.9 + 0.9* 
4.8 + 0.7 
4.3 f 0.7 
3.7 * 0.4 
2.9 t 0.4* 
3.9 + 0.6 
3.7 2 0.4 
3s * 0.5 
3.6 + 0.6 
4.3 f 0.7 
4.0 + 0.5 
3.7 + 0.4 
3.6 + 0.6 
3.5 f 0.4 
24.7 f 3.5 
32.3 f 4.4* 
22.9 + 2.7 
171.4 + 46.0 
293.2 f 12.9* 
153.5 + 53.1 
128.3 2 2.5 
139.0 2 2.9’ 
132.1 2 2.5’ 
87.0 2 I.3 
101.5 ?: 3.7’ 
93.0 f 2.7* 
2.8 z 0.5 
3.3 f 0.6 
3.4 f 0.6* 
58.4 2 4.3 
65.4 k 5.1* 
58.6 T 4.3 
26.5 f 3.0 
30.8 + 4.5 
25.3 + 3.1 
155.8 f 42.5 
312.9 + 79.6” 
228.0 + 62.5’ 
129.1 + 3.6 
130.9 2 3.1 
131.0 2 4.0 
128.4 = 3.7 
86.8 + 2.8 
89.9 f 2.1’ 
88.6 * 2.3 
86.4 2 2.8 
2.6 2 0.5 
2.6 + 0.6 
2.6 f 0.6 
2.6 5 0.5 
60.9 2 3.9 
62.2 2 4.0 
61.9 T 3.9 
62.1 + 3.8 
24.1 + 3.R 
23.0 k 3.9 
23.4 + 3.5 
24.8 + 4.4 
144.9 k 26.8 
158.9 + 50.0 
145.8 + 55.0 
170.8 + 73.1 
126.6 ? 2.7 
134.4 + 4.7* 
135.6 + 5.2’ 
128.5 f 2.6 
7) 
134.6 f 2.6 
148.3 f 3.1’ 
139.7 i: 1.9’ 
85.9 ? 2.2 
%.9 2 4.2’ 
91.6 5 3.7 
85.9 1 2.3 
2.7 2 0.6 60.4 2 4.2 
2.5 2 0.9 69.5 + 4.6’ 
2.8 2 0.7 62.0 2 4.6’ 
2.7 2 0.8 61.4 f 4.0 
23.8 + 4.5 
20.9 2 4.4’ 
23.5 + 4.8 
25.2 + 5.4 
162.9 + 44.3 
209.6 + 5l.g* 
246.8 + 59.7’ 
198.6 f 43.4 
94.1 ? 2.3 
107.1 2 2.5’ 
%.9 k 2.6 
2.7 + 0.8 
-0.5 * I.11 
3.4 2 oil* 
60.4 2 3.8 
64.6 2 3.1 
59.7 f 2.7 
27.9 + 3.5 
41.7 1 6.0’ 
28.3 k 3.8 
135.4 1 35.5 
440.9 + lO6.9’ 
2O9.I + 49.6* 
132.3 2 3.3 
133.0 T 3.7 
135.5 + 3.9’ 
131.4 r 5.0 
92.5 2 2.1 
94 I c 3,l 
92.6 k 3.0 
92.0 f 3.0 
2.6 + 0.8 
-1.1 r c.9* 
-1.1 + 0.8* 
3.5 f 0.6 
58.9 f 3.3 
W.6 2 2.8 
59.9 f 2.9 
59.9 * 3.7 
28.2 + 3.3 
31.4 2 4.6 
30.3 c 4.3 
26.7 + 4.9 
183.4 2 52.6 
330.9 2 83.Y 
4Ml.4 f io5.9* 
l34,3 = 50.8 
132.9 I 4.3 
MO.9 2 5.1* 
138.3 + 4.9 
133.5 + 3.6 
92.6 k 2.2 
98.9 + 2.8* 
%.I + 3.4 
93.3 f 2.3 
2.6 f 0.7 
-1.5 f 1.0’ 
-0.3 k 0.8; 
3.1 + 0.9’ 
60.3 2 3.8 
68.7 f 4.0’ 
63.2 f 3.3* 
61.5 f 3.1 
26.7 2 4.2 
30.6 f 4.1’ 
32.3 + 5.5 
30.3 i 4.2 
188.4 k 50.4 
379.8 = 88.3’ 
450.0 f 125.4’ 
232.9 2 65. I 
*p < 0.05 versus control. CPT = cold pressor test: CVP = central venous pressure; FBF = forearm blood flow: FVR = forearm vascular resistance; HR = 
beari rate; LBNP = lower body negative pressure: MAP mean arterial pressure: MSNA = muscle sympathelic nerve activity: PHMIR-I5 and PHMIR-30 = 
muscle ischemic response after handgrip exercise at I5 and 3O%, respectively, of maximal voluntary contraction; SAP = systolic arterial pressure; SHG-I5 and 
SHG-30 = sustained handgrip at I5 and 30%. respectively. of maximal voluntary contraction. 
tance remained unchanged from control during these inter- activity remained significantly increased above control lev- 
ventions as well. els. 
Derring 30% sustained handgrip with simultaneous lower 
body negative pressure, central venous pressure decreased 
in a manner similar to that during lower body negative 
pressure alone. During these combined interventions there 
were significant increases in systolic and mean arterial 
pressures and heart rate. There was no significant change in 
forearm blood flow during these combined interventions, but 
forearm vascular resistance increased significantly as did 
muscle sympathetic nerve activity. With the release of 30% 
handgrip followed by muscle ischemia during continued 
lower body negative pressure, muscle sympathetic nerve 
Responses to combined interventions versus additive re- 
sponses. If the cardiopulmonary baroreflexes exert an inhib- 
itory modulating effect on sympathetically mediated re- 
sponses to isometric exercise, we predicted that the forearm 
vasoconstrictor and muscle sympathetic nerve responses to 
sustained handgrip or posthandgrip ischemia performed dur- 
ing unloading of cardiopulmonary baroreceptors with lower 
body nqative pressure would be significantly greater than 
the algebraic sum of the individual responses during hand- 
grip or posthandgrip muscle ischemia alone added to the 
responses to lower body negative pressure alone. The actual 
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Figure 1. Hemndyttamic and muscle sympathetic nerve activity 
(MSNA) responses of eight Group 1 subjects dunng sustained 
handgrip (SHG) at 30% maximal voluntary contraction and during 
posthandgrip muscle ischemia (PHMIR-30). Data are shown for 
responses during these interventions alone (left panel) and during 
simultaneous deactivation of cardiipulmonary baroreceptors pro- 
duced by lower body negative pressure (LBNP) (rigkt pan&. 
Perfor*nance of sustained handgrip alone resulted in increases in 
mean arterial pressure (MAP) and heart rate (HR). This was 
accompanied by decrease in forearm vascular resistance (FVRI and 
increase in muscle sympathetic nerve activity. During posthandgrip 
muscle ischemia atone, muscle sympathetic nerve activity remained 
markedly elevated. When these interventions were performed dur- 
ing simultaneous application of lower body negative pressure, the 
hemodynamic and nerve activity effects were similar. C = control; 
R = recovery. *p < 0.05 versus control. 
measured responses (Table 1, Fig. 2) indicated that the 
muscle sympathetic nerve activity and forearm vascular 
responses during iS% handgrip and posthandgrip muscle 
ischemia, when performed during lower body negative pres- 
sure, were not significantly different from the simple additive 
responses of the interventions performed alone. A similar 
Figure 2. Comparison of forearm vascufar resistance (FVR) and 
muscle sympathetic nerve activity (MSNA) responses to sustained 
handgrip P’ 30% of maximal voiuntary contraction (SGH-30) (I& 
panel) and posthandgrip muscle ischemia (PHMIR-30) (rtgki 
performed alone versus that when performed during cardiopulmo- 
nary barorercptor deactivation produced by lower body negative 
pressure (LBNP) in eight Group I subjects. The algebraic sum of 
responses during separate interventions (i.e., response during lower 
body negative pressure alone added IO response during sustained 
handgrip alone) are shown in the upen bpR and compared with 
responses during the performance of combined interventions shown 
in darker bars. If an inhibitory modulation of the cardiopulmonary 
barorellexes on the somatic pressor rellex was present. the re- 
sponses during lower body negative pressure (cardiopulmonary 
baroreceptor deactivation) should have been signihcantly potenti- 
ated (see text). No difference in responses during the twoconditions 
was identified. 
lack of any modulating effect of the cardiopulmonary baro- 
reflexes was seen for sustained handgrip at 30% of maximal 
voluntary contraction and posthandgrip muscle &hernia. 
The increase in forearm vascular resistance for 30% hand- 
gripduring lower body negative pressure (+3.9 + 0.8 U) was 
not diEerent from the additive response (+4.7 f 2.7 U. p = 
NS) for these interventions performed separately. The in- 
crease in muscle sympathetic nerve activity for 30% hand- 
grip during lower body negative pressure (+ 1 I5 -C 17%) was 
not different front the additive response (+ 106 ? I%, p = 
NS) of these two interventions performed separately. Like- 
wise, the observed increase in forearm vascular resistance 
(+5.5 f 4.2 Wand the increase in muscle sympathetic nerve 
activity (+ 145 -C 1%) observed with post-30% handgrip 
muscle ischemia during lower body negative pressure were 
not significantly different from the additive increase in fore- 
arm vascular resistance (+7.3 ? 2.9 U, p = NS) and muscle 
sympathetic nerve activity (+ 137 2 25%. p = NW for these 
interventions when performed alone. 
Group 2: heractions During Activation of 
Cardiopulmonary Baroreceptors 
Hernodyna&c aml ma& sympathetic nerve activity re- 
sponses to vahsme expplrJiDA &me (Table 2). Infusion of 
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Tabk 2. Hemodynamic and Muscle Sympathetic Nerve Activity Effects of Interventions Performed Alone and During Cardiopulmonary 
Baroreceptor Activation Produced by Volume Expazkon WOL) in Eight Group 2 Subjects 
intervention 
SAP 
(mm Hg) 
MAP 
(mm Hg) 
CVP 
(mm Hg) 
HR FBF 
(beats per min) (ml/min per IO0 ml) FVR (Ul MSNA (U) 
SHGJO (preVol) 
C0lltr0t 122.0 + 5.4 85.8 f 3.4 2.0 + 0.7 61.3 2 2.6 
SHGJO 131.3 r 6.3’ %S 2 4.5’ 2.2 +_ 0.6 67.8 ? 2.4’ 
PHMIR-3O I3O.I ?; 4.9’ 94.6 ? 2.9* 1.9 2 0.6 62.9 2 2.4 
Recovery 125.4 5 4.7’ 89.4 + 2.7 2.1 f 0.6 62.6 = 2.6 
CPT (preVoll (n = 6) 
Control 128.2 2 6.0 89.5 = 2.8 1.5 f 0.6 63.5 2 2.8 
CPT 144.0 = 5.7* 103.8 k 3.9: I.5 + 0.6 67.8 2 2.3* 
Recovery 138.0 + 7.l* 98.7 f 6.1* 2.0 f 0.6 63.4 f 3.0 
Vol 
Control 128.4 + 5.2 89.3 + 3.8 2.1 k 0.7 60.6 2 2.1 
Vol 130.5 2 4.8 90.1 2 3.6 5.5 10.7* 65.4 2 2.5* 
SHG-30 Posl Vol 
Control 130.4 2r 4.7 92.1 + 2.8 5.6 ? 0.7 66.6 ? 2.8 
SHG-3ONol 137.8 + 5.I* 100.0 + 3.8* 6.2 2 0.7* 73. I + 2.7* 
PHMIR-3ONol 136.0 + 3.9+ %.9 + 2.5* 5.4 ? 0.7 67.2 2 2.4 
Recovery 132.4 f 4.3 92.6 + 3.3 5.5 + b.7 67.5 + 2.9 
CPT Post Vol (n -2 6) 
Control 136.2 + 5.5 95.2 = 3.8 5.0 ? 0.7 68.0 + 2.8 
CPTNol 149.1 * 5.4f 110.3 + 3.7’ 5.4 2 0.8 71.1 + 2.6’ 
Recovery 141.5 ? 4.7 101.3 + 3.4* 5.7 = 0.8 67.5 2 4.3 
*p c 0.05 versus control. VoI = volume infusion: other abbreviations as in Table I. 
normal saline solution in the eight subjects produced a 
significant increase in central venous pressure with no 
change in arterial blood pressure and a small increase in 
heart rate. There was no change in forearm blood flow or 
forearm vascular resistance after volume expansion, but 
there was a significant decrease in total muscle sympathetic 
nerve activity. 
Responses to sustaid handgrip and 30% posthandgrip 
mu& iscbemia before and after vdume infusion (Table 2, 
Fig. 3). Responses of Group 2 sl;bjects to these interven- 
tions before the administration of volume infusion were 
similar to the responses of Group 1 subjects to the same 
interventions. Responses to these same interventions during 
activation of cardiopulmonary receptors (volume infusion) 
were similar to ihe responses in the prevolume state. After 
volume administration, sustained handgrip at 30% of maxi- 
mal vo!untary contraction resulted in significant increases in 
systolic and mean arterial pressures and heart rate, associ- 
ated with increases in total muscle sympathetic nerve activ- 
ity. There was no significant change in forearm blood flow or 
vascular resistance when 30% sustained handgrip was per- 
formed after volume loading. 
During post-JO% handgrip muscle ischemia, arterial pres- 
sure remained elevated whereas heart rate returned to levels 
at rest. Muscle sympathetic nerve activity also remained 
elevated during this intervention performed after volume 
5.5 2 0.7 
6.5 ? 0.9’ 
5.7 2 0.7 
5.3 * 0.8 
5.6 2 0.9 
4.9 * 0.4’ 
5.4 + 0.9 
5.0 2 0.8 
5.1 k 0.9 
5.5 -t 0.9 
5.8 2 1.0 
5.2 f 0.8 
5.4 f 0.9 
5.6 2 I.2 
4.8 + 1.l* 
5.2 * I.1 
l7,6 2 2.3 
16.3 i I.9 
18.4 t 2.2 
19.3 f 2.6 
18.2 * 2.2 
25.5 * 3.4’ 
20.1 f 2.1’ 
20.9 + 2.7 
22.3 + 3.6 
20.2 2 3.0 
21.1 + 3.4 
21.3 2 2.4 
20.1 * 2.5 
21.2 2 4.2 
28.6 2 5.2’ 
24.2 k 4.4* 
286.5 2 63.2 
456.9 * 97.3* 
434.6 5 84. I’ 
324.8 2 66.4 
271.6 + 77.4 
682.1 + 148.8* 
476.4 f 97.5’ 
NW).7 1 63.2 
204.1 2 59.6* 
185.0 + 49.5 
349.3 k 89.6* 
416.7 + 16X9* 
239.3 k 87.4 
163.3 d 57.8 
498.9 2 106.0’ 
28h.l k 72.0’ 
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Figure 3. Heaodynamic and muscle sympathetic nerve activity 
(MSNA) responses of eight Group 2 subjects during sustained 
handgrip at 30% of maximal voluntary contraction (SHGJO) and 
during posthandgrip muscle ischemia (PHMIR-30). Data are shown 
for responses during these interventions before (kR pa&) and after 
(rigf& panel) activation of cardiopulmonary baroreceptors produced 
by volume expansion. Performance of sustained handgrip alone 
increased mean arterial pressure (MAP), heart rate (HR) and muscle 
sympathetic nerve activity. During posthandgrip muscle ischemia 
alone, mean arterial pressure and muscle sympathetic nerve activity 
remained markedly elevated, When these interventions were per- 
formed after volume expansion, the hemodynamic and nerve activ- 
ity effects were similar. *p < 0.05. Abbreviations as in Figure 1. 
voluntary contraction (+tiS t f5.79@ was actually less 
than the percent increase when this level of handgrip was 
performed after volume loading (t 105.6 f 20-l%, p c 0.01). 
Similarly, the sympathetic nerve activity responses to post- 
30% handgrip muscle ischemia performed before volume 
expansion (+66.4 + 17.0%) were less than the responses to 
the same intervention performed after volume expansion 
(+117.8 + 42.0%, p < 0.05). 
Responses to the cold pressor test during c~r~~~~~~~ 
baroreceptor deactivation (lower body negative pressure) and 
activatEon (votume expansian). In seven Group I subjects 
(Table I) the cold pressor stimulus alone significantly in- 
creased syctolic and mean arterial pressures, as well as heart 
rate. This was associated with a marked increase in muscle 
sympathetic nerve activity but there was no significant 
change in either forearm blood flo-# or forearm vascular 
resistance. The responses of these subjects to the cold 
pressar test alone were similar to their responses when it 
was performed during lower body negative pressure except 
that heart rate did not increase significantly during combined 
interventions. 
Sk subjects in Grolrp 2 underwent ire waler hand immer- 
sion before and after volume infusion {Table 2). In the 
prevolume state. the cold pressor stimulus significantly 
increaqed systolic and mean arterial pressures and heart 
rate. These responses were associated with a decrease in 
forearm blood flow, an increase in forearm vascular resis- 
tance and an increase in muscle sympathetic nerve activity. 
After volume expansion, responses to the cold pres;oc 
stimulus were not significantly different than in the prevo- 
lume state. 
Discussion 
Utilizing direct recordings of efferent sympathetic nerve 
tratic to muscle, we have reexamined the reported interac- 
tion of cardiopulmonary barorefkxes and somatic pressor 
reflexes in control of sympathetic activity during isometric 
exercise in normal men. The existence of such an interaction 
was tested under conditions of both activation and deactiva- 
tion of cardiopulmonary baroreceptots. In confirmation of 
the studies by Seals (34) and Scherrer et al. (35). we have 
demonstrated that unloading (deactivation) of cardiopulmo- 
nary baroreceptors does not modulate the sympatho- 
excitatory somatic pressor reflex. Furthermore, we have 
now also shown that a modulating interaction does not exist 
under conditions of cardiopulmonary baroreceptor activa- 
tion. 
Experintental perh~rbatiuns utitized in these studies. Two 
techniques were utilized to study the potential role of the 
inhibitory cardiopulmonary baroreflexes in modulating auto- 
nomic adjustments to exercise. Lower body negative pres- 
sure at low levels (Table I) was used to selectively unload 
(deactivate) cardiopulmonary baroreceptors without signifi- 
cantly altering the determinants of activity of the “high 
pressure” arterial baroreceptors (arterial pressure, pulse 
pressure, maximal rate of rise in pressure [dP/dt]) (17,21,36 
39). This deactivation of the cardiopulmonary receptors 
resulted in significant forearm vasoconstriction and an in- 
crease in muscle sympathetic nerve activity. In addition, 
unlike previous studies, our study also evaluated the poten- 
tial for interaction during activation of the cardiopulmonary 
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baroreceptors achieved by short-term volume expansion. 
We were able to achieve rapid (~20 mitt) and reproducible 
increases in cardiac filling pressures with the infusion of 
body temperature normal saline solution (Table 21, which 
was associated with a significant decrease in efferent sym- 
pathetic nerve activity. We interpret this effect as evidence 
of further stimulation of the tonically active cardiopulmo- 
nary baroreceptors because similar effects of volume expan- 
sion on efferent sympathetic nerve activity have been dem- 
onstrated to be due to activation of cardiopulmonary 
receptors with nonmedullated vagal afferents in animals 
(40.4 I). 
muscle sympathetic nerve activity and forearm vascular 
resistance during the interventions performed simulta- 
neously were not significantly different from the sum of the 
responses to the interventions performed separately (Fig. 2). 
Results were similar at both levels of handgrip and with 
posthandgrip muscle ischemia as well. 
Achativn of the somatic pressor r&x was achieved by 
having subjects perform sustained handgrip at 30% of max- 
imal voluntary contraction, The autonomic responses to 
isometric exercise of this type are mediated by both central 
neural mechanisms (referred to as central command) and 
peripheral reflexes arising from exercising muscle. Central 
command refers to activation of medullary cardiovascular 
centers by descending pathways involved in the initiation of 
exercise (4-6). Central command appears to initiate in- 
creases in heart rate through parasympathetic withdrawal 
but does not play a significant role in increasing eEerent 
sympathetic nerve activity (27,421. Activation of chemically 
sensitive muscle afferents. however, constitutes a potent 
stimulus to efferent sympathetic nerve activity, as evidenced 
by the striking increase in sympathetic nerve activity to 
muscle during circulatory occlusion after sustained handgrip 
(23,431. Posthandgrip muscle ischemia produces continued 
stimulation of muscle chemoreceptors whereas central com- 
mand, active during sustained handgrip, is withdrawn with 
the relaxation of handgrip. Therefore, the posthandgrip 
muscle ischemic response is an important method for exam- 
ining interactions of the somatic pressor reflex with other 
autonomic reflexes without the confounding influence of 
central command. 
During volume loading, when the cardiopulmonary baro- 
receptors would be expected to be more active and thus 
exerting a greater inhibitory effect on the brainstem cardio- 
vascular centers, there was also no difference in the forearm 
vasoconsttictor or sympathetic nerve activity responses to 
handgrip or posthandgrip circulatory occlusion. Thus, no 
modulating interaction of the cardiopulmonary baroreflex on 
the autonomic responses to isometric exercise was observed 
during cardiopulmonary baroreceptor activation or deactiva- 
tion. 
We considered the possibility that time or a generalized 
alteration of reflex responsiveness after lower body negative 
pressure or volume administration, or both, might mask a 
potentiation of sympathetic responses in these subjects. 
Either might prevent recognition of an interaction between 
the cardiopulmonary baroreceptor and somatic pressor re- 
flexes in these subjects. Therefore, the cold pressor test was 
performed as an internal control for assessment of the 
sympathetic effector limb of the subject’s reflex responses, 
as well as a nonspecific indicator of overall reflex respon- 
siveness. The finding that sympathetic nerve ana forearm 
vasoconstrictor responses to the cold pressor stimulus were 
not altered by cardiopulmonary baroreceptor loading and 
unloading argues against these possibilities as explanations 
for our failure to find an interaction. 
Interaction OF cardiopulmonary baroreflex and somatic 
pressor reflex. Physical exercise is accompanied by in- 
creases in cardiac preload. inotropic staie, afterload and 
respiratory tidal volume (1544.45). Each of these physio- 
logic changes would be expected to result in increased 
activation of cardiopulmonary ba-oreceptors with subse- 
quent inhibition of medullary cardiovascular centers. It has 
been proposed, therefore, that the cardiopulmonary barore- 
flex may serve to modulate the excitatory influence of 
central command and muscle afferents on these brainstem 
centers. Our data in this study do not support this concept. 
Comparison with previous investigations. Interaction be- 
tween the cardiopulmonary baroreflex and the somatic pres- 
sor reflex has been suggested by previous experiments in 
both animals and humans. Thames and Abboud (24) demon- 
strated in dogs that bilateral vagotomy produced a marked 
augmentation of the reflex renal vasoconstrictor response to 
sciatic nerve stimulation and that volume loading decreased 
the reflex renal vascular response. The heart rate and 
systemic pressor response to stimulation of the somatic 
tierents, however, were not affected by vagotomy or vol- 
ume loading. This finding suggested that the cardiopulmo- 
nary baroreceptors exert their greatest inhibitory influence 
on sympathetic outflow to the renovascular bed. In contrast, 
other investigations (45-47) were unable to demonstrate 
cardiopulmonary baroreflcx modulation of the blood pres- 
sure or heart rate response to treadmill exercise in dogs. 
If the tonic in!:ibilory afferent activity of the cardiopul- Although similar in some respects to the design of our 
monary baroreflex had a significant role in modulating the studies. previous investigations of this reported interaction 
somatic pressor reflex, then the decrease in cardiopulmo- in humans (261 also differ considerably from the present 
nary baroreceptor activity occurring during lower body studies. In addition, recent reports have also questioned 
negative pressure would be expected to result in a potenti- whether an interaction between these reflex pathways exists 
ation of the forearm vasoconstrictor and sympathetic nerve in humans (34,351, although the question remains controver- 
responses to exercise. However, the changes we observed in sial (48). First, Walker et al. (26) suggested the existence of 
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cardiopulmonary baroreflex modulation 0; *he somatic pres- 
sor reflex. However, recent experimental data in humans 
suggest that these earlier studies had significant methodolo- 
gic problems because they employed sustained handgrip at 
low levels of intensity (IO and 20% of maximal voluntary 
contraction). These degrees of contraction intensity have 
been shown to be of insufficient magnitude to achieve the 
threshold necessary for activation of chemosensitive muscle 
afferents (27.28). In our study we also saw no increase in 
efferent nerve activity when handgrip was performed at 15% 
of maximal voluntary contraction, but handgrip at 30% of 
maximal contraction resulted in significant increases in mus- 
cle sympathetic nerve activity. However, even with exercise 
at this level sufficient to engage the muscle afferents, we 
were unable to demonstrate an interaction between the 
somatic pressor reflex and the cardiopulmonary baroreflex. 
Second, we attempted to study responses specific to the 
somatic pressor reflex by examining the responses to pos- 
thandgrip muscle ischemia. which eliminates the component 
of central command as previously discussed. Even under 
these conditions, we failed to demonstrate any modulation of 
the somatic pressor response during cardiopulmonary baro- 
receptor activation or deactivation. ?%irJ, the present study 
utilized lower body negative pressure at -10 mm Hg. 
whereas Walker et al. (26) used -5 mm Hg. Our subjects had 
decreases in central venous pressure of 3 to 4 mm Hg 
whereas central venous pressure was measured in GO% of 
the previously reported subjects and decreased by only I.5 
to 2.5 mm Hg during the lower levels of lower body negative 
pressure. In our study, muscle sympathetic nerve activity 
and forearm vascular resistance increased during tower body 
negative pressure at -10 mm Hg, an indication that the 
cardiopulmonary baroreceptors were indeed being unloaded 
with the stimulus employed. 
Fourrh, in our study, direct measurements of arterial 
pressure were utilized whereas prior icvesdga!ors measured 
blood pressure indirectly by sphygmomanometry. Because 
arterial baroreceptor activation is an important determinant 
of sympathetic nerve activity (33). it is possible that subtle, 
undetected changes in arterial pressure may have contam- 
inated the interpretation of previous studies. 
Finally, a unique feature of the present study is the direct 
measurement of sympathetic nerve activity with the tech- 
nique of microneurography. Previous investigators (49.50) 
have shown that the forearm vasoconstrictor response to 
contralateral handgrip reflects an integration of central and 
peripheral reflex pathways and that the vascular response in 
the forearm may differ from that seen in the calf. These 
investigators demonstrated, as did our study, a significant 
increase in forearm blood flow and decrease in forearm 
vascular resistance in the nonexercising contralateral fore- 
arm during handgrip. Forearm blood flow decreases and 
forearm vascular resistance increases during posthandgrip 
muscle ischemia when voluntary contraction ceases. They 
proposed that centrat neural mechanisms may rcccsunt for 
forearm vasodilation during voluntary muscle contraction. 
either through selective withdrawal of sympathetic activity 
to the arm, stimulation of postjunctional beta adrenoceptors 
or activation of choline& nerves that supply the upper 
limbs. Thus. changes in forearm vascular resistance during 
contralateral isometric exercise may not reflect alterations in 
sympathetic tone exc!usively. la D#W study, cardiopulmo- 
nary baroreflex modulation of the somatic pressor response 
was not demonstrated in either the arm (using forearm 
vascular resistance responses) or the leg (using muscle 
sympathetic nerve activity responses) in our studies. 
Potential limitatians OF the study. Several potential limi- 
tations in the design and interpretation of the study are 
recognized. First, there is the potential for the arterial 
baroreceptors to have influenced the results. This possibility 
is unlikely. however, because the two perturbations of 
cardiopulmonary baroreceptors employed did not alter arte- 
rial or pulse pressure at rest. In addition, the sum of the 
elevations in arterial pressure during sustained handgrip or 
posthandgrip muscle ischemia plus that during lower body 
negative pressure when performed separately was greater 
than the arterial pressure increase when handgrip or post- 
handgrip musde &hernia was performed during lower body 
negative pressure. Arterial baroref!ex activity, therefore, 
would not have masked a potentiating effect of lower body 
negative pressure on sympathetic nerve responses to exer- 
cise. 
A second caakm relates to the possible b&we of 
central command on responses to masck aflerent slimala- 
tion. We have attempted to eliminate this possibility by 
examining the posthandgrip ischemic response. The return 
of heart rate to normal during posthandgrip muscle ischemia. 
while sympathetic nerve activity remained markedly ele- 
vated, suggests that indeed central command was eliminated 
!n a significant degree. We failed to find an interaction of 
cardiopulmonary and somatic reifexes during either sus- 
tained handgrip or posthandg;rp muscle ischemia. 
A third cortsiderafion is rhe fact that these sradies utilized 
sympotheric nerve rewrdings from only one site. the pero- 
neal nerve, and measurements of blood flow from only the 
forearm. ft is known that there are differences in the control 
of sympathetic nerve activity to various tissues and vascular 
beds (3 I ,5 I ). Nonetheless, in normal subjects, spontaneous 
fluctuations in muscle sympathetic nerve activity are similar 
in different limb sites (52). Furthermore, it has been demon- 
strated (53) that during sustained handgrip. muscle sympa- 
thetic nerve responses in the arm are similar to those 
recorded from the leg. Finally, the changes in forearm 
vascular resistance during the interventions utilized in these 
studies were in most cases accompanied by parallel changes 
in nerve traffic. Therefore, although we cannot generalize to 
total or other organ-specific sympathetic responses. we 
believe it reasonable to interpret the forearm vasoconstrictor 
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and muscle sympathetic nerve activity responses as repre- 
sentative of blood flow and sympathetic nervous responses 
in the nonexercising arm and legs. 
Conclusions. Utilizing direct measurements of efferent 
sympathetic nerve activity to muscle in combination with 
levels of isometric handgrip exercise and posthandgrip ische- 
mic responses known to activate muscle afferents. we have 
failed to demonstrate any modulating interaction of the 
cardiopulmonary baroreflex on the somatic pressor response 
in normal human subjects. This lack of significant modula- 
tion is seen during states of cardiac baroreceptor activation 
or deactivation. 
- 
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